Cervical cancer has been ranked as the third most common cancer among women worldwide. As an alternative to existing preventive and treatment measures, natural plants have been seen to carry potential therapeutic value against cancers. These include Streblus asper which proved to possess anti-cancer effects on several types of cancer. In the present study, we observed that S.asper is able to induce apoptosis on cervical cancer cells through the regulation of several apoptotic proteins. This analysis was performed using both in vitro and in vivo models. The protein expression was analysed using antibody array, 28 protein markers were found differentially expressed in both study models. Based on these findings, we propose that S.asper induces apoptosis on cervical cancer cells through TNF signaling which in turn triggers the activation of SMAC pathway and blockage of NF-?B cascade. It is also suggested that the apoptosis inducement is assisted by the HSP60 downregulation which subsequently results in p53 activation and survivin down-expression. Our study provides a preliminary understanding on selective apoptotic mechanism induced by S.asper on cervical cancer.
On average, about 570,000 new cases of cervical cancer have been reported globally. It is the third most common cancer affecting women in Malaysia, after breast and colon cancers. 1 Early sexual activity, multiple sexual partners, having the history of genital warts, smoking of cigarettes, being infected with Human immunodeficiency Virus (HIV) and being exposed with immunosuppressive agents have been determined to be the risk factors for cervical cancer. 2 Nevertheless, the primary risk factors for cervical carcinogenesis are mostly infections of Human papillomavirus (HPV) type 16 and 18. These types of HPV infections were found in most of the invasive cases. 3 The preventive measure that has been practised in accordance with this primary risk factor is vaccination. HPV vaccination has been reported to contribute to a risk reduction of 46 per cent for histologically confirmed high-grade cervical abnormalities and 34 per cent for other cervical abnormalities among young women. 4 Despite its success rate, vaccination is still not widely practised, and study found that the significant barriers that limit its coverage for high-risk adolescent group include lack of parents' knowledge about its safety, unawareness of parents on the requirement for multiple doses, and low perceived risk of HPV infection. 5 Another preventive measure for cervical cancer is the screening of pre-cancerous lesions through pap smear test. Pap smear has been used increasingly in developing countries as a screening tool for early cancer detection. Reports showed that the use of pap smear has contributed to a reduction of mortality rates due to cervical cancer in women above 30-year old. 6 However, cervical cancer screening is practised only by certain groups of society who perceive adequate knowledge and awareness about the importance of it. 7 Prevention against cervical cancer would unlikely be effective until necessary steps are taken to address all the barriers identified. A study had elucidated that the success in preventing cervical cancer in developing countries lies in the intervention against multiple obstacles.8
In recent decades, natural product has been portrayed as a potential substitute for existing strategies for cervical cancers. It has been increasingly attracted researcher's attention across the globe. This shift in paradigm has to date resulted in many natural products that are able to significantly suppress cervical cancer growth have been documented. The inhibition of cervical cancer is commonly evaluated based on its significant responses on common related pathways such as proliferation, apoptosis, cell cycle, and metastasis. For instance, Zhang et al. (2011) proves that black raspberry crude extract significantly triggers apoptosis in cervical cancer cell lines such as HeLa, SiHa, and C-33A. 9 The similar inhibitory ability has been seen in Kaffir lime leaf extract, Artocarpus artilis pulp extract, Bryophyllum pinnata leaf extract, Pleurotus tuberregium extract, Thymus kotschyanus extract, and Coryllus avellana L. extracts. 10, 11, 12, 13, 14, 15 However, most of these plants are not locally available. Therefore, we explored the potential of our prospect local plant known as Streblus asper to induce apoptosis on cervical cancer through regulation of related key proteins using in vitro and in vivo models.
Materials and Methods

Plant extract
Streblus asper plant was purchased from a nursery in Tasek Gelugor, Penang, Malaysia. The plant was authenticated by Associate Professor Dr. Md. Azman Bin Pkm Seeni, (Malaysian Institute of Pharmaceuticals and Neutraceuticals). The roots of the plant were cut into pieces of a minimum of 2 mm size and washed with distilled water and was left to dry in a room for 2 weeks. The roots were ground into powders using Retstch SM 100 grinder. Ground powder samples were boiled with distilled water for 30 minutes and the solution was filtered using 0.75 mm filter size. This procedure was repeated 3 times and filtrate was then freeze-dried. Upon usage, the powder's weight was measured using analytical balance and diluted with double deionized distilled water according to the need.
Cell Culture
The HeLa cells used in this study were sub-cultured from ATCC with Catalog No. CCL-2 TM purchased from ATCC, Manasus, VA, USA. The cells were maintained in DMEM supplemented with 10% FBS, 1% sodium pyruvate and 1% penicillin-streptomycin. These were purchased from Life Technologies, USA. Cells were incubated in 37°C humidified CO2 incubator, with 5% CO2 and 95% of air. The medium was replaced every 72 hours until it reached 80%-90% of cell confluency before sub-culturing was carried out. The sub-culturing of cells was limited up to ten passages.
Cell Proliferation assay
After HeLa cells were cultured accordingly and had reached 80-90% of cells confluency, they were detached using 0.25% trypsin/EDTA. The old medium was removed and replaced. To seed cells in 96-well culture plate, a total number of 1×103 cells were pipetted with 100 µl of complete medium in each well. After 24 hours, HeLa cells were treated with varying concentration (0.01 mg/ml, 0.10 mg/ ml, 0.15 mg/ml, 0.20 mg/ml, and 0.25 mg/ml) of S.asper root extracts. The cells were incubated in 37°C humidified CO2 incubator, supplemented with 5% CO2 and 95% of air for 72 hours. After 72 hours of treatment, the AlamarBlue® assay was performed according to the manufacturer's guidelines. The AlamarBlue® solution was prewarmed in 37°C water bath prior to use. All wells including control were prepared in triplicates. The control wells provided the background activity of the AlamarBlue® inside the medium. The plates were incubated for 4 hours at 37°C in a humidified, 5% CO2 atmosphere incubator. Fluorescence (excitation 530 nm, emission 590 nm) was measured using a microplate reader and the background control wells were set as blank.
The assay was conducted under minimal light exposure as this solution is light-sensitive. The half maximal inhibitory concentration (IC50) value was determined from this cell proliferation assay.
animal study
Ethical approval was applied to the Animal Ethics Committee of Universiti Sains Malaysia (USM) and was approved on 7 October 2015. Ten Severe Combined Immunodeficient (SCID) female mice aged 5 to 6 weeks were purchased from Prima Nexus Sdn. Bhd. All purchased mice were provided with health certificate. They were divided and grouped as untreated and treated (n=5). All mice were housed in an individually ventilated cage (IVC) system with autoclaved woodchips for bedding in an animal room with controlled conditions of temperature (22±2°C), humidity (55±10%) and lighting (12h light/dark), with free access to sterilized food and water. The mice were left for 2 weeks for acclimatization. At week 3, 1×107 of HeLa cells were prepared accordingly and injected subcutaneously at the right flank of mice for both groups using the restraining method. The xenograft model was conducted in accordance to National Institutes of Health guide for the care and use of Laboratory Animals (NIH Publications No. 8023, revised 1978). Water and food consumption, as well as mice's weights, were recorded every three days. The mice were observed for any clinical signs and symptoms of the health-related problems such as respiratory, skin and growth problems. Early euthanasia was applied if any of the endpoint sign appeared including weight loss of exceeding 20% of the body weight, ulceration/infection at the tumour site, invasion of the surrounding tissues by localised tumour. The mice in the untreated group were left to live freely without any treatment given. As for the treated group, S.asper treatment (2014) .16 Post-mortem was performed on both groups at week 16. All mice were sacrificed using carbon dioxide gas. The tumour tissues were stored in liquid nitrogen for protein analysis.
tUnel assay
TUNEL assay was conducted on unstained paraffin-embedded-tissue slides using Novus Biologicals APO-BRDU-IHCTM kit. All the protocols provided by the manufacturer were followed with some modification. The slides underwent several staining processes as described in the guidelines. These include deparaffinization, rehydration, permeabilization of specimen, inactivation of endogenous peroxidases, equilibration and end labelling reaction, detection, and counterstain. The prepared slides were observed using a compound microscope. total Protein Concentration Cells and tissue lysates from both groups (untreated and treated) were added with RIPA buffer. The tissues were further homogenised and sonicated for 1 hour in ice. Lysed cells and tissues were centrifuged, and supernatants were collected. The total protein concentration of the samples was measured using Bio-Rad Protein Assay Kit II. This kit contains a dye reagent concentrate and a bovine serum albumin (BSA) standard. This method is a dye-binding assay in which a differential colour change of a dye occurs in response to the concentrations of solubilized protein being detected17. The acidic solution of Coomassie® Brilliant Blue G-250 was used, resulting in an absorbance shift from 465 nm to 595 nm when protein binding occurs. Measurement of protein concentration was obtained by comparing the absorbance change to a standard curve. The method was performed according to the manufacturer's guidelines with minor modifications.
antibody array analysis
RayBio® C-Series Human Apoptosis Antibody Array C1 kit was used to confirm the involvement of apoptosis in the treatment intervention. The kit was removed from storage and the components were left to equilibrate to room temperature prior to use. The procedures involved in the analysis include sample blocking, sample incubation, first wash, biotinylated antibody cocktail incubation, second wash, HRP streptavidin incubation, third wash, and chemiluminescence detection. The intensity of the spots was analysed using Image J software. The differences of the spot intensities were used to determine relative differences in expression level of each analyte.
statistical analysis
Body weight, tumour weight, and total protein were analysed as means, standard deviation, and tested for normality of the distribution and homogeneity of variance. The statistical analysis of all these were carried out using IBM Statistical Package for the Social Sciences (SPSS) Version 20. Independent t-test was conducted to calculate significant differences through comparison of mean values between untreated and treated groups.
resUlts inhibitory effects of streblus asper on cervical cancer proliferation
In cell proliferation assay, five concentrations of Streblus asper extracts were used as a treatment against HeLa cell line. The concentration used were 0.00 mg/ml 0.05 mg/ml, 0.10 mg/ml, 0.15 mg/ml, 0.20 mg/ml, and 0.25 mg/ ml. Figure 1 shows the proliferative activity of cells was evaluated using AlamarBlue® and measured by spectrophotometer at 570 nm after 72 hours.
The viability of HeLa cell after 72 hours of treatment with S.asper extract at concentrations of 0.00 mg/ml, 0.05 mg/ml, 0.10 mg/ml, 0.15 mg/ml, 0.20 mg/ml, and 0.25 mg/ml were 100.00%, 83.08%, 79.37%, 75.65%, 63.69%, and 49.24% respectively. The half maximal inhibitory concentration (IC50) was found to be 0.25 mg/ ml. The treatment induced morphological changes including cell shrinkage, cell rounding, and membrane blebbing. Cell viability was observed lower in the S.asper-treated HeLa cells ( Figure  2 .B) compared to untreated cells (Figure 2 .A). This result suggested that S.asper treatment inhibited the growth of HeLa cells.
The mean body weight of mice in both groups (untreated and treated) increased gradually throughout the experiment. However, the difference of body weight between both groups is not statistically significant. The treatment of S.asper on cervical cancer produces positive effect on the tumour weight. The mean difference of tumour weight between untreated and treated groups was found statistically significant with p<0.05. In addition, no mice were found dead throughout the study protocol until the day of post mortem. 
expression of apoptotic Protein Markers
Protein samples prepared from both in vitro and in vivo studies were used for this analysis. The intensity of the spots which represented relative expression of the proteins was evaluated using Image-J software available online. Eight of the proteins that are common to both in vitro and in vivo include SMAC, TNF RI, TNF RII, bcl-w, HSP60, IGF-1, survivin, and XIAP. Twelve proteins that are unique for in vitro study include BID, BIM, IGFBP-3, IGFBP-4, IGFBP-5, p21, p53, TNF alpha, TNF beta, TRAIL R1, TRAIL R2, TRAIL R4. On the other hand, 8 proteins that are unique for in vivo study include caspase-8, IGFBP-6, CD40 Ligand (TNFRSF5), cIAP-2, HSP27, IGF-2, IGFBP-2, and livin.
disCUssion
Numerous studies have revealed the therapeutic potential of Streblus asper on various cancer cell lines such as A549, KB, HOS, and SCC-15 cells.18,19,20 However, none of them had elucidated the S.asper's potential on cervical cancer. In this study, we observed the ability of S.asper to produce anti-cancer effects on cervical cancer through AlamarBlue® assay which was first developed by Mosmann (1983) .21 It is a colourimetric assay used to determine the half maximal inhibitory concentration (IC50) of a treatment. In the present study, S.asper was found able to exert inhibitory effects on HeLa cells. The IC50 value obtained from the AlamarBlue® assay is 0.25mg/ml. S.asper inhibited HeLa cells growth at concentration-dependent manner following 72 hours of treatment.
The treatment produced morphological changes on HeLa cells which include cell rounding, cell shrinkage and membrane blebbing. These characteristics are referred to as morphological changes caused by apoptosis as coined by Kerr, et al. (1972) . 22 In many occurrences, cell shrinkage is often associated with apoptosis and it is independent of any stimulus. Membrane blebbing is one of the changes that eventually makes up apoptotic bodies. 23 Our animal study shows that S.asper seems to exhibit anti-cancer activity against cervical cancer tumour. This is observed from the significant reduction of mice's tumour weight between untreated and treated groups. The treatment is also observed to trigger apoptotic response in tumour tissues based on its presence on the labelled DNA break ( Figure 5) .
Apoptosis which is also known as programmed cell death normally occurs as a defence mechanism to maintain cell population. However, this mechanistic activity seems to reduce in most cancers including cervical resulting in cells proliferating indefinitely and uncontrollably. Based on the preliminary findings pertaining to apoptosis involvement, we investigated further the apoptotic markers that trigger this mechanism through antibody array analysis. HeLa cells treated with S.asper demonstrated upregulation of 15 protein markers and downregulation of 5 protein markers ( Figure 6 ). As for in vivo response, cervical tumour-bearing SCID mice treated with S.asper manifested upregulation of 5 proteins and downregulation of 11 proteins. Of all the markers evaluated, TNF alpha expression from in vitro analysis shows the highest overexpression level with 2.8-fold change followed by other markers which related to TNF signalling cascade. These include TNF beta, TRAIL R1, TRAIL R2, TNF RI, TNF RII, BID, SMAC, XIAP, cIAP-2 and caspase 8. The in vivo result seems to support this by showing similar pattern of expression starting from the upregulation of TNFR1 and TNFR2 with slight differences. These differences are within our expectation as different level of biological system complexity would yield different responses.
In general, apoptosis occurs via two Fig. 8 . Proposed apoptotic mechanism by Streblus asper treatment on cervical cancer pathways; extrinsic and intrinsic. The intrinsic pathway mainly begins with permeabilisation of the mitochondrial membrane. This process causes cytochrome C to be released into the cytoplasm. The release triggers cysteine proteases (caspases) activation and eventually leads to apoptosis. 24 The extrinsic pathway on the other hand, involved collective responses of death ligands and receptors.
There are several ways that this death ligands and receptors can be induced and one of them is tumour necrosis factor alpha and their cognate receptor (TNF RI). 25 Tumour necrosis factor which is also known as tumour necrosis factor alpha is a protein consists of 157 amino acids. It is a form of cytokine that regulates cell survival, proliferation, or death. It involved in many pathological responses of the body such as inflammation, tumour growth, transplant rejection, rheumatoid arthritis, and septic shock.26 TNF alpha has two distinct receptors known as TNF RI and TNF RII. TNF RI is a type of receptor that contains death domain thus making it significant in cell death mechanism. It shares the capability of inducing apoptosis while TNF RII is said to have participated indirectly in the process. 27 The TNF signaling begins when the TNF alpha starts to bind with TNF RI. This binding leads to inherent trimerisation process which subsequently results in the formation of complex I. This complex consists of TNF RI, TNF-receptorassociated factor 2 (TRAF2), TNFR1-associated death domain protein (TRADD), and receptorinteracting protein 1 (RIP). This complex serves as a mediator for several other pathways which include NF-?B, MAPK and apoptosis pathway. On one hand, TNF signalling could be observed as proinflammatory inducer while on the other hand it could be seen as proapoptotic inducer. In the present study, we discriminate between these two based on the downregulation of apoptotic inhibitors like cIAP-2 and XIAP ( Figure 6E and 6F) which ultimately hinted the blockage of NF-?B pathway. Normally, NF-?B pathway mediates apoptosis suppression through the expression of antiapoptotic protein like BCL-2, A20, cIAP-1, cIAP-2, Bcl-xL, XIAP, and IEX-1L. 28, 29 Complex I has the capability to form complex II through internalisation process. Complex II consists of RIP, TRADD, FADD and Caspase 8. Caspase 8 autoactivation leads to caspase 3 and caspase 7 activation.30,31 The activation of caspase 8 which eventually results in apoptosis seems to be consistent with our in vivo evidence wherein caspase 8 is upregulated by 1.5fold change upon S.asper treatment.
Our findings also suggest that S.asper treatment induces the activation of Smac cascade following complex II formation. Smac expression is observed to be upregulated in both of our in vitro and in vivo analyses. Activation of Smac leading to binding with apoptotic inhibitors such as cIAP-1, c-IAP-2, and XIAP. This consequently liberates the apoptosis process to take effect. Tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) is a member of TNF superfamily. TRAIL was reported to initiate apoptosis in various tumour cell line. 32, 33 The inducement of apoptosis by TRAIL was found to be due to the interaction with its receptor. These receptors include TRAIL R1 and TRAIL R2 which contain death domain (DD) for apoptosis signalling.34,35 These receptors were observed to be upregulated in S.asper-treated HeLa cells. Upon ligation of TRAIL and its receptors, Fas-associated death receptor (FADD) is recruited as an adaptor molecule which subsequently leads to activation of caspase 836. This ultimately results in apoptosis execution through activation of caspases 3, 6 and 7.37,38
Heat Shock Protein (HSP) is a chaperonin that provides protein protection through the facilitation of protein folding, repair, refolding of misfolded peptides, and possible degradation of irreparable proteins. 39 The cytoprotective effects of HSPs are also found to be associated with inhibiting apoptosis and maintaining cytoskeletal integrity under stressful condition.40 HSPs can be found in all living cells. Its division is based on molecular weight ranging from 60 to 110 kDa. HSP60 is predominantly present in mitochondria apart of cytosol, cell surface, and extracellular space. 41 Due to its natural ability to evade apoptosis, HSP60 has been found to play an essential role in promoting various types of cancers. These were observed through its overexpression in cancers like liver, bladder, prostate, breast, gastric, colorectal, ovarian, and cervical. 42, 43, 44, 45, 46, 47, 48, 49 Pieces of evidence show that suppression of HSP60 consequently results in two phenomena. First, it releases the mitochondrial survivin into the cytosol. The loss of mitochondrial pool of survivin specifically induces apoptosis.50 This is because the mitochondrial survivin is designated to inhibit apoptosis by establishing an association with XIAP to synergistically inhibit caspase 9. Second, it causes the upregulation of p53. This would subsequently activate the p53-dependent apoptosis cascade. 51 The ability of S.asper to downregulate HSP60 as seen in cells and tumour tissues seems to hold promising hope in cervical cancer therapy.
ConClUsion
Streblus asper possess the ability to induce apoptosis on cervical cancer. Based on our preliminary findings, we suggest that the apoptosis process triggered via TNF signalling pathway. The TNF signalling mediates the activation of SMAC signalling and blockage of NF-?B cascade. It is recommended that future study emphasizes on analysis of executor caspases pertaining to apoptosis as validation to our conclusion. 
